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RELATED APPLICATIONS 
This application is a continuation-in-part application of 
copending application Serial Number 09/370,658 filed August 6, 1999, 
which is a continuation-in-part application of Serial Number 08/977,081 
filed November 24, 1997. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a new energy attenuation 
apparatus for a conduit that is adapted to convey liquid under pressure, 
as well as a system incorporating such a device and a method of 
attenuating energy in a conduit. The invention is particularly suitable 
for placement in a conduit conveying liquid under pressure for the 
attenuation of pressure pulses in the liquid, especially in the hydraulic 
system of the power steering unit of a vehicle. The invention would 
also be suitable for other hydraulic fluids. 

2. Prior Art Statement 

In hydraulic systems where the operating liquid is 
circulated by a pump, the pulsations of pressure that are generated by 
the pump are transmitted through the conduits and result in noise 
and/or vibration being produced by the hydraulic liquid. In the case of 
power steering fluid in vehicles, such noise and/or vibration is caused, 
for example, when vehicles are being parked or unparked at idle or 
very low speeds of movement thereof, such as by barely moving into 
and out of a parking space or the like while the wheels of the vehicle 
are being turned by the power steering mechanism thereof. In 
particular, substantial noise and/or vibration (shudder) can be produced 
in such a situation when the power steering fluid passes through the 
power steering mechanism from the fluid pump to the effective steering 
structure. Further background into this area can be obtained from U.S. 
Patent Number 3,323,305, Klees, whereby this U.S. Patent is being 
incorporated into this disclosure by this reference thereto. 

Devices are known for suppressing noise in exhaust gas 
mufflers. For example, U.S. Patent Number 4,501,341, Jones, 
provides two side branch resonators, while U.S. Patent Number 



4,371,053, Jones, provides for an apertured tube in a gas muffler 
housing. Systems are also known for controlling the resonation of 
pressure waves in fuel injection systems. For example, U.S. Patent 
Number 5,168,855, Stone, passes fluid through check valves that are 
provided with a flow restriction either directly therein or in a bypass line. 
U.S. Patent Number 5,509,391, DeGroot, provides a spool valve 
assembly for controlling flow between inlet and outlet ports. 

Applicants are not aware of any teaching of transferring 
flow of liquid under pressure from one tube to another as a means of 
suppressing energy, especially where at least one of the tubes Is 
provided with at least one hole. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide 
an improved apparatus, system and method for attenuating energy in a 
conduit that conveys liquid under pressure. 

This object is realized pursuant to the energy attenuation 
apparatus of the present invention by providing a liquid-conveying 
means in which the apparatus is disposed, wherein the liquid- 
conveying means includes three chambers disposed in series, with one 
of the chambers containing no tube, i.e. being empty; a first tube is 
disposed in a second one of the chambers, wherein an annular space 
is formed between the inner peripheral surface of the liquid-conveying 
means and the outer peripheral surface of the firet tube, wherein the 
first tube has a first end connected to and in fluid communication with 
an Inlet or outlet end of the second one of the chambers, wherein the 
first tube has a second, free end that is spaced by an open gap from 
the outlet or inlet end of the second one of the chambers, and wherein 
the first tube has at least one aperture in the fl-ee end and/or on the 
peripheral surface thereof for providing fluid communication between 
the first tube and the second one of the chambers; and a second tube 
can be disposed in a third one of the chambers, wherein an annular 
space is formed between the inner peripheral surface of the liquid- 
conveying means and the outer peripheral surface of the second tube, 
wherein the second tube has a first end connected to and in fluid 



communication wth an inlet or outlet end of the third one of the 
diambers, wherein the second tube has a second, free end that is 
spaced by an open gap from the outlet or inlet end of the third one of 
the chambers, and wherein the second tube has at least one aperture 
in the free end and/or on the peripheral surface thereof for providing 
fluid communication between the second tube and the third one of the 
chambers. 

Accordingly, it is an object of this invention to provide a 
novel energy attenuation device having one or more of the novel 
features of this invention as set forth above or hereinafter shown or 
describe. 

Another object of this invention is to provide a new 
system incorporating such an energy attenuation device, such a 
system having one or more of the novel features of this invention as set 
forth above or hereinafter shown or described. 

Another object of this invention is to provide a new 
method of attenuating energy in a conduit conveying liquid under 
pressure, such a method having one or more of the novel features of 
this invention as set forth above or hereinafter shown or described. 

Other objects, uses, and advantages of this invention are 
apparent from a reading of the specification in conjunction with the 
accompanying schematic drawings, which form a part thereof and 
wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a simplified automotive power steering 
system that incorporates one exemplary embodiment of the energy 
attenuation apparatus of this invention; 

FIG. 2 is a cross-sectional view of one exemplary 
embodiment of the energy attenuation apparatus of this invention; 

FIG. 3 is a cross-sectional view of a second exemplary 
embodiment of the energy attenuation apparatus of this invention; 

FIG. 4 is a cross-sectional view of a third exemplary 
embodiment of the energy attenuation apparatus of this invention; 

FIGS. 5a and 5b are enlarged cross-sectional views of a 



restrictor for use wth an energy attenuation apparatus of this invention; 

FIG. 6 is a view similar to that of FIG. 2 of a modified 
energy attenuation apparatus of this invention; 

FIG. 7 is a cross-sectional view of a fourth exemplary 
embodiment of the enerigy attenuation apparatus of this invention; 

FIG. 8 is a cross-sectional view of a fifth exemplary 
embodiment of the energy attenuation apparatus of this invention; 

FIG. 8a shows a modification of the embodiment of FIG. 

8; 

FIG. 9 is a view similar to that of FIG. 4 of a modified 
energy attenuation apparatus of this invention; 

FIG. 10 is a cross-sectional view of a sixth exemplary 
embodiment of the energy attenuation apparatus of this invention; 

FIG. 10a shows a modification of the embodiment of FIG. 

10; 

FIG. 10b to lOg are cross-sectional views taken through 
the hose means and the tubes; 

FIG. 1 1 is a modification of tiie embodiment of FIG. 10; 

FIG. 12 is a cross-sectional view of a further exemplary 
embodiment of the energy attenuation apparatus of tiiis invention; 

FIG. 13 is a view similar to that of FIG. 12 of a modified 
energy atitenuation apparatus of this invention; 

FIG. 14 is a view similar to that of FIG. 12 of a modified 
energy attenuation apparatus of this invention; 

FIG. 15 is a view similar to that of FIG. 12 of a modified 
energy attenuation apparatus of this invention; 

FIG. 16 is a view similar to tiiat of FIG. 12 of a modified 
energy attenuation apparatus of this invention; 

FIG. 17 is a view similar to that of FIG. 12 of a modified 
energy attenuation apparatus of this invention; 

FIG. 18 is a view similar to that of FIG. 12 of a modified 
energy attenuation apparatus of this invention; 

FIG. 19 is a view similar to that of FIG. 12 of a modified 
energy attenuation apparatus of this invention; 



FIGS. 20 and 21 show various embodiments of tuning 
cable or tube an-angements for use in conjunction with the energy 
attenuation apparatus of this invention; 

FIG. 22 is a partial block diagram showing one 
arrangement for use in conjunction with the present invention; and 

FIG. 23 is a cross-sectional view of a further exemplary 
embodiment of an energy attenuation apparatus of this invention. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

V\^ile the various features of this invention are hereinafter 
illustrated and desalbed as providing an energy or sound attenuation 
device for an automotive power steering system, it is to be understood 
that the various features of this invention can be utilized singly or in 
various combinations thereof to provide an energy attenuation device 
for other systems that convey liquid, especially liquid under pressure. 

Therefore, this invention is not to be limited to only ttie 
embodiment illustrated in the drawings, because the drawings are 
merely utilized to illustrate one of the wide variety of usages of this 
invention. 

Referring now to the drawings in detail, FIG. 1 illustrates 
a simplified automotive power steering system. During operation, the 
power steering pump 11 generates pressure ripples that are 
transmitted through tubing T, such as steel tubing, to the pressure hose 
assembly or pressure line 12, the power steering gear 13, the return 
hose assembly or return line 14, and the reservoir 15, and finally flow 
back to the pump 1 1 itself by means of the supply line 16. It should be 
noted that rather than being separated by a hose or similar conduit, the 
reservoir 15 and the pump 1 1 could actually be a single unit. 

In order to greatly reduce noise, such as from resonance, 
for example in the pressure line 12 or in the return line 14, and thereby 
eliminate or at least greatly reduce the power steering noise or 
vibration generated by the power steering pump 11, the energy 
attenuation device of this invention, which is indicated generally by the 
reference numeral 20, is disposed either in the pressure line 12, 
between the steering pump 11 and the gear 13, or in the return line 14, 



between the gear 13 and the reservoir 15 or the pump 1 1. In addition, it 
would also be conceivable to dispose the energy attenuation device 20 
in both the pressure line 12 and the return line 14. Various exemplary 
embodiments of the energy attenuation device 20, and components 
and arrangements thereof, are illustrated in FIGS. 2-23 and will be 
described in detail subsequently. 

The energy attenuation device 20 of this inventbn can, as 
indicated previously, be disposed in the pressure line 12 and/or the 
return line 14 of the system of FIG. 1. However, as illustrated in the 
exemplary embodiments of FIGS. 2-4 and 6-19, the energy attenuation 
device 20 can also be disposed in a separate hose section that is in 
turn disposed in sudi pressure line 12 or return line 14. 

As can be seen from the embodiment of the energy 
attenuation device 20 illustrated in FIG. 2, two separate apertured 
tubes 21 are disposed in the chamber 22 formed in the hose section or 
liquid-conveying means 23. In particular, an inlet tube 21a is 
connected to the inlet end 25 of the chamber 22, whereas an outlet 
tube 21b is connected to the outlet end 26 of the chamber 22. The 
tubes 21a, 21b are disposed in the chamber 22 in such a way that not 
only are the free ends 27 and 28 thereof spaced from one another by 
an open gap, but the outer peripheral surfaces 30,31 of the inlet and 
outlet tubes 21a and 21b are spaced from the inner peripheral surface 
32 of the hose or conduit means 23 in such a way that an annular 
space 33 is respectively provided about the outer peripheral surfaces 
30,31 of each of the tubes 21a, 21b. By means of at least one, 
preferably several, holes 34 provided in each of the outer peripheral 
surfaces 30, 31 of the inlet and outlet tubes 21a, 21b, liquid entering 
the hose means 23 via the tubing T can exit the inlet tube 21a into first 
the annular space 33 and then part of the remainder of the chamber 
22, from where it can flow through further holes 34 into the outlet tube 
21b and from there out of the hose means 23 into the right-hand tubing 
T. Depending upon whether the free ends 27, 28 of the tubes 21a, 21b 
are opened or closed, all or only part of the liquid in the pressure line 
12 or return line 14 will pass through the holes 34 out of the inlet tube 



21a and into the outlet tube 21b. Details concerning the open or dosed 
state of the free ends 27, 28 of the tubes 21a, 21b will be discussed 
subsequently. 

In the embodiment of the energy attenuation device 20 
illustrated in FIG. 2 the hose section 23, which is made, for example, of 
rubber or other elastomeric material, is disposed in the pressure line 12 
or the return line 14 and is connected to the tubing T, in a fluid 
conveying manner, via respective couplings 36 and connectors, which 
can be of the type illustrated in FIGS. 11-19 and described in 
Applicants' U.S. Patent No. 6,279,613, the disclosure of which is 
hereby incorporated into this application by this reference thereto. 

As indicated previously, the free ends 27, 28 of the inlet 
tube 21a and outlet tube 21b can be either open or closed off. Several 
possibilities exist for configuring the free ends 27 and 28. For example, 
both free ends could be open, or both could be closed. In addition, the 
free end 27 of the inlet tube 21a could be open while the free end 28 of 
the outlet tube 21b could be closed. On the other hand, the opposite 
arrangement could also be provided whereby the free end 27 of the 
inlet tube 21a would be closed and the free end 28 of the outlet tube 
21b would be open. 

Although the embodiment illustrated in FIG. 2 provides for 
a single chamber 22 with the free ends 27, 28 of the inlet and outlet 
tubes 21a, 21b facing each other at the middle of the hose mixing 
region of the chamber 22, it has been found according to the teachings 
of this invention that other configurations are also possible. For 
example, reference is now made to FIG. 3, wherein another 
configuration of the energy attenuation device of this invention is 
shown and is indicated generally by the reference numeral 20A, 
wherein parts thereof similar to the energy attenuation device 20 of Fig 
2 are indicated by like reference numerals that where appropriate are 
followed by the reference letter A. 

The embodiment of the energy attenuation device 20A 
illustrated in FIG. 3 differs from that shown In FIG. 2 in that the 
chamber 22A is divided by a restrictor 38 into an inlet chamber portion 



39 and an outlet chamber portion 40. An enlarged view of the restrictor 
38 is shown in FIGS. 5-5b; the inner diameter of the restrictor is less 
than the inner diameter of the hose means 23A. It should be noted that 
the restrictor 38 is disposed in the hose means 23A, for example by 
crimping, in such a way that communication between the chamber 
portions 39 and 40 can be only via the passage means, i.e. the 
reduced diameter portion, of the restrictor. The free end 27 of the inlet 
tube 21a is spaced from ttie restrictor 38 in the inlet chamber portion 
39, while the free end 28 of the outlet tube 21b is spaced from tiie 
restrictor 38 in the outlet chamber portion 40. Thus, with the energy 
attenuation device 20A, liquid that is exiting the inlet tube 21a, either 
entirely or at least partially via the holes 34, wilt enter the inlet chamber 
portion 39, will tiien flow tiirough the reduced diameter portion of the 
resfrictor 38, wilt enter the outlet chamber portion 40, and tiien at least 
partially via the holes 34 wll enter the outlet tube 21b. As discussed in 
conjunction with the energy attenuation device 20 of FIG. 2, the free 
ends 27, 28 of the inlet and outlet tubes 21a, 21b can be either both 
open, both closed, or only one open and the other closed. 

in the embodiment of the energy attenuation device 20A 
the inlet and outiet tubes 21a, 21b are connected to the inlet and outiet 
ends 25, 26 of the respective Inlet chamber portion 39 or outiet 
chamber portion 40. However, it would also be possible to connect the 
inlet and outiet tubes 21a, 21b directiy to the restrictor 38 instead of to 
the inlet and outiet ends of the chamber. Sudi connection can again 
be effected via the aforementioned connectors of Applicants' U.S. 
Patent No. 6,279,613. For example, reference is now made to FIG. 4, 
wherein another energy attenuation device of the present invention is 
shown and is indicated generally by the reference numeral 20B. 

In the embodiment of the energy attenuation device 20B, 
the free ends 27, 28 of the inlet and outiet tubes 21a, 21b face away 
from one another, namely toward the inlet and outlet ends of the inlet 
chamber portion 39 and outiet chamber portion 40 respectively, and 
are spaced from such inlet and outlet ends. Again, the free ends 27, 28 
of the inlet and outiet tubes 21a, 21b can both be opened, can both be 



dosed, or only one can be opened with the other being closed. 

As indicated above, the two separate apertured tubes 
21a, 21b are each provided with at least one hole 34 in the outer 
peripheral surface thereof. Pursuant to some presently prefemed 
embodiments, it is contemplated that each of the apertured tubes 21 
will have a plurality of such holes 34. Several arrangements of these 
holes 34 are possible. For example, the holes 34 can be arranged in a 
longitudinal direction in one or more rows of such hoi^, either aligned 
or offset relative to one another, or can also be disposed in a random 
manner about the peripheral surfaces 30, 31 of the tubes 21a, 21b. 
FIG. 6 shows one such possible anrangement. In this embodiment, the 
apertured tube 21a on the inlet side has two holes 34 disposed 1800 
from one another. In contrast, the apertured tube 21b on the outlet 
side has two rows of four holes 34, with the rows being disposed 90 □ 
from one anotiier, and with the holes of one row being offaet in a 
longitudinal direction from the holes of the other row. In addition, the 
finee end of the tube 21a is open while the free end of the tube 21b is 
dosed. It is to be understood that although the an-angement of FIG. 6 
has been illustrated in conjundion with a tube arrangement similar to 
that of FIG. 2, such an anangement of the holes 34 would be possible 
for any of the emfc>odiments previously described. 

In addition to the number and arrangement of the hol^ 
34 in the apertured tubes 21, it will be appreciated that other system 
parameters will affect the noise attenuation that can be achieved. For 
example, the ratios and dimensions of the components of the device 
relative to another can be varied. Although in the illustrated 
embodiments the lengths of the inlet and outlet tubes 21a, 21b are 
shown as being the same, the lengths of these two tubes can also 
differ from one another. In addition, the inlet and outlet tubes 21a, 21b 
can extend over varying proportions of the chamber 22. In the 
embodiment of the energy attenuation device 20 shown in FIG. 2, it is 
presently contemplated that each of the apertured tubes 21 will extend 
over more that one fourth of the length of the chamber 22 of the hose 
means 23. Similariy, in the embodiments of FIG. 3 and 4, it is 
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contemplated that each of the apertured tubes 21a, 21b will extend 
over more than one half of the length of its respective inlet or outlet 
chamber portion 39 or 40. 

Although the previously illustrated embodiments provide 
5 for an inlet tube 21a and an outlet tube 21 b that are both provided with 

holes 34, it has been found according to the teachings of this invention 
that only one of the tubes 21a, 21b need be provided with such holes. 
In addition, rather than providing a fairly wide space in the chamber 22 
of the hose means 23 between the free ends 27, 28 of the inlet and 
10 outlet tubes 21a, 21b, a narrow gap could also be provided between 

such fr-ee ends. For example, reference is now made to FIG. 7, 
wherein another energy attenuation device of the present invention is 
C3 shown and is indicated generally by the reference numeral 20C. 

^ In the embodiment of the energy attenuation device 20C, 

J 15 the free ends 27, 28 of the inlet and outlet tubes 21a, 21b are 

Jl separated from one another by only a nanow gap 42, for example a 

J| gap having a width of approximately 1/32-1/8 of an inch. In addition, 

J only one of the tubes, namely the inlet tube 21a, is provided with holes 

f.] 34, for example two such holes that are disposed 90D or 180 □ from 

20 one another. The narrow gap 42 between the free ends 27, 28 of the 

inlet and outlet tubes 21a, 21b has in this embodiment been illustrated 
as being displaced toward the outlet end of the chamber 22C. 
However, suc^ nan-ow gap could also be disposed closer to the inlet 
end of the chamber 22C, in which case the outlet tube 21b would be 
25 longer than the inlet tube 21a. Furthermore, although the holes 34 

have been illustrated as being disposed approximately half way 
between the inlet and outlet ends of the chamber 22c, such holes 34 
could be disposed at any desired location along one of the inlet or 
outlet tubes 21a, 21b. In addition, rather than being disposed on the 
30 inlet tube 21a, such holes 34 could also be disposed on the outlet tube 

21b. Furttiemnore, any desired arrangement of the holes 34 is 
possible, and the embodiment of FIG. 2 could also be modified to 
include the nanrow gap 42 of the embodiment of FIG. 7, wherein both 
the inlet tube 21a and the outlet tube 21b could again be provided with 
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holes 34. 

In the embodiment of the energy attenuation device 20B 
illustrated in FIG. 4, a respective tube is disposed in each of the inlet 
and outlet chamber portions 39, 40. However, it has been found 
according to the teachings of this invention that only one of the 
chamber portions need contain a tube. For example, reference is now 
made to FIG. 8, wherein another energy attenuation device of the 
present invention is shown and is indicated generally by the reference 
numeral 20D. 

In the embodiment of the energy attenuation device 20D, 
only one of the chambers contains a tube, with the other chamber 
being empty. In the illustrated embodiment, it is the inlet chamber 
portion 39 that contains no tube, and therefore forms the empty 
chamber 55, while the outlet chamber portion 40 contains a tube, 
namely the outlet tube 21b, which is illustrated as being connected to 
the restrlctor 38 and having its free end 28 spaced from the outlet end 
of the chamber 40. The outlet tube 21b could also be connected to the 
outlet end of the chamber 40 and have its free end spaced from the 
restrictor 38. To provide fluid communication from the inlet chamber 
portion 39, i.e. the empty chamber 55, via the restrictor 38 to the outlet 
chamber 40, the outlet tube 21b is provided with at least one aperture. 
For example, the free end 28 of the outlet tube 21b could be open, 
while the peripheral surface of the tube 21 b could be provided with no 
apertures. Alternatively, the peripheral surface of the tube 21b could 
be provided with at least one hole (see FIG. 8a), and the free end 28 of 
the tube could be open or closed off. 

Rather than the inlet chamber portion 39 being empty, the 
empty chamber 55 could be formed by the outlet chamber portion 40, 
with the chamber 39 then being provided with the inlet tube 21a, which 
could be connected to the inlet end of the chamber 39 or to the 
restrictor 38. The empty chamber 55 could have a length of from Vz 
inch to 12 inches or even greater, and in one specific embodiment has 
a length of 140 mm, with the tube, for example the outlet tube 21b, 
having a length of 100 mm in a chamber portion that has a length of 
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140 mm.. 

In the embodiment of the energy attenuation device 20B 
of FIG. 4, the inlet and outlet tubes 21a, 21b are provided with holes on 
the peripheral surfaces thereof. However, it has been found according 
5 to the teachings of this invention that it would be possible to provide no 

holes on the peripheral sur^ces of the inlet and outlet tubes and to 
have only the free ends of these tubes open. For example, reference 
is now made to FIG. 9, wherein another energy attenuation device of 
the present invention is shown and is indicated generally by the 
1 0 reference numeral 20E. 

In the embodiment of the energy attenuation device 20E, 
the free ends 27, 28 of the inlet and outlet tubes 21a, 21b are open, 
while the peripheral surfaces of these tubes are not provided with any 
holes. In the illustrated embodiment, both the inlet and outlet tubes 
21a, 21b are connected to the restrictor 38. However, it would also be 
possible to connect the inlet and outlet tubes to the inlet and outlet 
openings of their respective chambers, with the free ends of these 
tubes then being spaced from the restrictor 38, similar to the 
embodiment illustrated in FIG. 3. Again however only the free ends 
would be open while the peripheral surfaces of the inlet and outlet 
tubes 21a, 21b would have no holes. 

The ratio of the length of the inlet tube 21a to the length 
of the outlet tube 21b could range from 1:5 to 5:1, and in one specific 
embodiment of the present invention both have the same length of 1 54 
25 mm, with both the inlet and outlet chamber portions having a length of 

194 mm. 

In this embodiment, the inlet and outlet tubes 21a, 21b 
are made of polymeric material. 

Although in the previous embodiments the energy 
30 attenuation devices have been illustrated as being provided with at 

most two chambers, it has been found according to the teachings of 
this invention that the hose or conduit means could be provided with 
three chambers. For example, reference is now made to FIGS. 10-19 
and FIG. 23, vrt^erein other energy attenuation apparatus of the present 
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invention are siiown and are indicated generally by the reference 
numerals 20F to 20P. 

In the embodiment of the energy attenuation apparatus 
20F, a further restrictor 57 is provided such that an intermediate 
chamber 58 that contains no tubes, in other words an empty chamber, 
is formed between the inlet and outlet chamber portions 39, 40. 
Although in the illustrated embodiment the inlet and outlet tubes 21a, 
21b are connected directly to the restrictors 38, 57, with the free ends 
27, 28 thereof being spaced from the inlet and outlet portions of the 
respective inlet and outlet chamber portions 39, 40, it would also be 
possible to connect the inlet and outlet tubes 21a, 21b directly to the 
inlet and outlet portions of their respective chambers, with the free ends 
of the tubes then being spaced from the respective restrictors 38, 57. 

In addition, the free ends 27, 28 of the inlet and outlet 
tubes 21a, 21b could be open, while the peripheral surfaces of the 
tubes could be provided with no holes. Alternatively, the peripheral 
surface of at least one of the inlet and outlet tubes 21a, 21b could be 
provided with holes (see FIG. 10a) while the free ends of the tubes 
could be open or clewed off. 

Rather than the third, empty chamber 58 being provided 
between the inlet and outlet chamber portions 39, 40, the empty 
chamber 58 could also be disposed after the second chamber 59, as 
indicated in the embodiment of the energy attenuation apparatus 20G 
illustrated in FIG. 11, with the tubes 61 and 62 being disposed in the 
first or inlet chamber 39 and in the second chamber 59 respectively. 
Further exemplary embodiments of three chamber configurations will 
now be described. 

In the embodiment of the energy attenuation apparatus 
20H illustrated in FIG. 12, the empty chamber 58 is the first chamber, 
while the tube 61 is disposed in the second chamber 59 and the tube 
62 is disposed in the third chamber 64. 

Whereas in the embodiment illustrated in FIG. 12 the 
ends of the tubes 61 and 62 are open, and the peripheral surfaces 
thereof are provided with no holes, the embodiment of the energy 
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attenuation apparatus 201 illustrated in FIG. 13 shows that one of the 
tubes, here the tube 61 in the second chamber 59, can be provided 
with one or more holes 34. In the embodiment of the energy 
attenuation apparatus 20J illustrated in FIG. 14, both of the tubes 61 
and 62 are provided with one or more holes 34. In both the 
embodiment of FIG. 13 and of FIG. 14, the ends of the tubes 61 and 62 
can either be open or closed. 

The embodiment of the energy attenuation apparatus 20K 
illustrated in FIG. 15 is similar to the embodiment illustrated in FIG. 10. 
In this embodiment, the tube 61 is disposed in the first chamber 39, 
while the tube 62 is disposed in the third chamber 64. The middle 
chamber 58 is an empty chamber. In this embodiment of FIG. 15, the 
tubes 61 and 62 are again shown as having no holes, with the free 
ends thereof being open. However, it is to be understood that again 
the peripheral surfaces of one or both of the tubes 61 and 62 could be 
provided with holes 34, while the free ends of the tubes 61 and 62 
could be open or dosed. 

In the embodiment of the energy attenuation apparatus 
20L illustrated in FIG. 16, the tubes 61 and 62 are disposed in the first 
chamber 39 and the second chamber 59 respectively, with the third 
chamber 58 being the empty chamber. Again, the peripheral surfaces 
of the tubes 61 and/or 62 could be provided with holes 34 if desired. 

The embodiment of the energy attenuation apparatus 
20M illustrated in FIG. 17 is similar to the energy attenuation apparatus 
20H of FIG. 12. However, in the embodiment of the energy attenuation 
apparatus 20M, instead of being separated by restrictors, the chambers 
58, 59 and 64 are separated by respective tubing T. Although in the 
embodiment of FIG. 17 the empty chamber 58 is shown as being the 
first chamber, the empty chamber could also be the second chamber 
59 or the third chamber 64, similar to the showing of the embodiments 
of FIGS. 15 and 16. Furthermore, again the peripheral surfaces of the 
tubes 61 and 62 could be provided with holes 34, and the free ends of 
these tubes could be opened or closed. 

In the embodiment of the energy attenuation apparatus 
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20N illustrated In FIG. 18, an an-angement similar to that of the 
embodiment of FIG. 12 is illustrated. However, in the embodiment of 
FIG. 18, the first chamber 58 and the second chamber 59 are 
separated by a tubing T rather than a restrictor, while the second 
chamber 59 and the third chamber 64 continue to be separated by the 
restrictor 57. It is to be understood that rather than the first and second 
chambers being separated by tubing T, these two chambers could be 
separated by a restrictor while the second chamber 59 and the third 
chamber 64 are separated by tubing T. 

In the embodiments of the energy attenuation apparatus 
illustrated in FIGS. 11-18. the end of the tubes shown as being 
connected, either to the liquid-conveying means or to the restrictor or 
tubing, has always been the left hand end. However, it is to be 
understood that at least for some of the tubes the situation could be 
reversed, in other words, with the right hand ends being connected. By 
way of example, in the embodiment illustrated in FIG. 19, the tube 61, 
rather than being connected to the restrictor 38, is connected at the 
right hand end, in a fluid communicating manner, to the restrictor 57, 
with the left hand or free end of the tube 61 being opened and spaced 
from the restrictor 38. Similariy, the tube 61 is connected at the outlet 
end of the chamber 64, with the open free end of the tube 62 being 
spaced from the restrictor 57 Although in the embodiment of FIG. 19 
the empty chamber 58 has been shown as being the first chamber, this 
empty chamber could also be either the second chamber or the third 
chamber. In addition, the peripheral surfaces of the tubes 61 and 62 
could, if desired, be provided with holes 34, and the free ends of these 
tubes could be opened or dosed. 

The ratio of the length of the inlet tube 21a to the length 
of the outlet tube 21 b could range from 1 :5 to 5: 1 or even greater. The 
empty, for example intermediate, chamber 58 has an effective length of 
from Vi. inch to 24 inches or even greater. In one specific embodiment 
of the present invention, the intermediate chamber 58 has a length of 
200 mm. and the inlet and outlet tubes 21a, 21b both have the same 
length of 115 mm, with both the inlet and outlet chamber portions 
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having a length of 155 mm. 

The restrictors 38, 57 can, for example, have a length of 

from 41 to 46 mm. 

The hose or liquid-conveying means 23 can be a single 
section of rubber and/or other elastomeric or plastic material that is 
connected to metal, especially stainless steel, tubing T by means of the 
couplings 36, or the hose means can also comprise separate hose 
sections that are interconnected by restrictor means or tubing. 
Furthemnore, the hose means 23 may be made of a single layer or of a 
plurality of layers of the aforementioned rubber and/or plastic. The 
hose means 23 may also be suitably reinforced to withstand 
comparatively high fluid pressures. The hose means 23 could 
furthermore be made of metal, such as stainless steel. In addition, 
although the tubes 21, 61, 62 have been illustrated as being disposed 
in the hose means 23, such hose or conduit means can actually be a 
continuation of the tubing T, or a separate tubing section, again made 
of metal. In contrast, the tubes can be made of polymeric material, 
especially tetrafluoroethylene fluorocarbon resins, fluorinated ethylene- 
propylene resins, or polyamide; the apertured and/or open tubes could 
also be made of metal, especially stainless steel, or rubber. Thus, the 
tubes can be either flexible or rigid. For the sake of convenience, the 
cross-sectional views of FIGS. 10b to lOg through the hose means and 
the tubes to show the various material possibilities therefore have been 
taken in conjunction with the embodiment of FIG 10. It is, however, to 
be understood that these views apply to the other illustrated and 
described embodiments as well. Where the conduit means is a hose of 
rubber, other elastomeric material, or metal, it can, for example, have 
an inner diameter of 3/8 inch to H inch or larger. The diameter of the 
inlet and outlet tubes 21a, 21b, and of the tubes 61 and 62, will depend 
largely upon the diameter of the conduit means 23. For example, if the 
conduit means has an inner diameter of 3/8 inches, the inlet and outlet 
tubes could have an outer diameter of 5/16 inches or less. Similarly, if 
the conduit means has an inner diameter of 14 inches, the inlet and 
outlet tubes could have an outer diameter of 3/8 inches or less. The 
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annular space between the outer peripheral surface of a tube and the 
inner peripheral surface of the liquid-conveying means can range from 
1/32 to 3/8 of an inch. The length of the conduit means, and hence of 
the inlet and outlet tubes, can vary depending upon need and available 
space and can range from 2 inches to 12 feet. 

fis indicated previously, the open ends of the tubes of the 
embodiments illustrated in FIGS. 10-19 and 23 are spaced from the 
ends of their respective chamber. Such spacing is presently 
contemplated as ranging from 10mm to 500mm, and in presently 
preferred embodiments ranges from 30-40mm. 

The size and shape of the holes 34 can also vary. For 
example, circular holes 34 can have a diameter of 1/16 inches, 1/8 
inches, etc. If the holes 34 have an oval shape, pursuant to one 
specific embodiment of the present invention the dimension of such 
holes can be 1/8 inches in width by Yi inches in length. 

The restrictor means 38, 57 has an inner diameter that is 
less than the inner diameter of the hose means 23. In addition, the 
inner diameter of the restrictor 38, 57 can be equal to, greater than or 
less than the inner diameter of the inlet and outlet tubes. The restrictor 
means can be made of any suitable material, including metal, rubber 
and polymeric material (see FIGS. 5a and 5b). 

Where tubing T is provided between chambers, such 
tubing can have a length of from 1 to 50 inches. 

The inventive energy attenuation device can also be used 
In conjunction with a variety of other sound and vibration attenuation 
devices, which are then also disposed in the pressure line 12 and/or 
return line 14. For example, a 1/4 wave cable tuning assembly can be 
provided, for example by disposing a steel cable in a further hose 
section. Examples of such tuning cable arrangements in further hose 
sections are shown in FIGS. 20 and 21, wherein FIG. 20 shows a 
single tuning cable 44 disposed in the further hose section or conduit 
means 45, whereas FIG. 21 shows two separate tuning cables 44 
disposed in a further hose section or conduit means 46. An example of 
a known tuning cable is disclosed in the aforementioned patent to 
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Klees, U.S. Patent Number 5,323,305, which patent has been 
incorporated into this disclosure. The tuning cable arrangements in the 
conduit means 45 or 46 can be disposed in series with the inventive 
energy attenuation device, or can be disposed in parallel therewith. 
Other sound and vibration attenuation devices are also known. For 
example, reference is made to US patents 4,611,633 (Buchholz et al), 
5,172,729 (Vantelini) and 5,201,343 (Zimmermann et al) whereby such 
US patents are also being incorporated into this disclosure by this 
reference thereto. Furthemnore, a spring-type energy attenuation 
device as disclosed in applicants' copending U.S. patent application 
08/853,770 could also be provided, whereby the disclosure of such 
application is also incorporated into this disclosure by this reference 
thereto. One or more of such other attenuation devices could also be 
used In conjunction with the energy attenuation apparatus 20-200 of 
the present invention. For example, FIG. 22 shows an arrangement 
where the tubing T is split into branches 48, each of which leads to an 
energy attenuation device that is schematically indicated by one of the 
boxes 50 or 51. This parallel arrangement can either be disposed in 
series with one of the Inventive energy attenuation apparatus 20-200, 
or one of the boxes 50, 51 can contain an inventive energy attenuation 
apparatus while the other box contains a known attenuation apparatus 
Furthennore, both boxes 50 and 51 can contain the same or different 
ones of the inventive energy attenuation apparatus 20-200. It should 
be noted thsrt two or more of the inventive energy attenuation 
apparatus could be disposed in series and/or in parallel with one 
another, or even with an empty hose section. For example, reference 
is now made to FIG. 23, which illustrates another energy attenuation 
apparatus 20P of the present invention. This embodiment shows an 
empty hose section 66 in series with one of the other inventive 
embodiments previously described, such as, by way of example, the 
embodiment 20D of FIG.8. The empty hose section 66 could also be 
disposed upstream of the other inventive embodiment, or even in 
parallel therewith. Furthennore, the embodiment of the energy 
attenuation apparatus 20P of FIG. 23 could also be similar to the 
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embodiment of FIG. 12, wherein all three chambers are disposed in 
series in a liquid-conveying means. The middle chamber would then 
be separated from the third or empty chamber 66 by a further restrictor 
similar to the restrictor 57. In addition, whereas in this embodiment the 
chambers are separated from one another by restrictors, two or all 
three of the chambers could be separated from one another by 
respective tubing, or two of the chambers could be separated by tubing 
and the other two by a restrictor. 

In view of the foregoing, it can be seen that this invention 
not only provides a new energy attenuation device, but also this 
invention provides a new method for attenuating energy in a fluid 

conveying system. 

While the fomris and methods of this invention is now 
preferred have been illustrated and described as required by the Patent 
Statute, It is to be understood that other forms and method steps can 
be utilized and still fall within the scope of the appended claims, 
whereby it is believed that each claim sets forth a novel, useful and 
unobvious invention within the purview of the Patent Statute. 
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